Reproductive capacity is fundamental to the survival of all species. Consequently, much research has been undertaken to better understand gametogenesis and the interplay between germ cells and the somatic cell lineages of the gonads. In this study, we have analyzed the embryonic expression pattern of the X-linked gene family Reproductive homeobox genes on the X chromosome (Rhox) in mice. Our data show that eight members of the Rhox gene family are developmentally regulated in sexually dimorphic and temporally dynamic patterns in the developing germ cells during early gonadogenesis. These changes coincide with critical stages of differentiation where the germ cells enter either mitotic arrest in the testis or meiotic arrest in the ovary. Finally, we show that Rhox8 (Tox) is the only member of the Rhox gene family that is expressed in the somatic compartment of the embryonic gonads. Our results indicate that the regulation of Rhox gene expression and its potential function during embryogenesis are quite distinct from those previously reported for Rhox gene regulation in postnatal gonads.
INTRODUCTION
Testes and ovaries arise from a common primordium, the genital ridge, but diverge along sexually dimorphic pathways after sex determination, which in males is triggered by the early onset of Sry (sex-determining region Y chromosome) expression [1] . The expression of Sry leads to rapid up-regulation of another HMG-domain transcription factor, Sox9 (Sry-type HMG box 9), which in turn appears to direct the complex network of gene activities involved in testis differentiation [1] . In contrast, ovary development takes place in the absence of SRY, presumably under the influence of a separate regulatory cascade. Gonadal germ cells migrate through the developing hindgut and enter the gonadal ridge at approximately 10.5 days postcoitum (dpc) [2] where, in response to signals from adjacent somatic cells, they embark on either a spermatogenic or oogenic pathway [3] [4] [5] .
Research over the past two decades has offered new insights into the mechanisms governing mammalian sexual development [1] . Nevertheless, many unanswered questions remain, and the discovery of new genes specifically activated or suppressed during critical stages of gonadogenesis suggests a complex regulatory system. It is now clear that several key gene families are involved in gonad development, such as Fgf (fibroblast growth factor), Wnt (wingless-type MMTV integration site family), hedgehog, and Sox (Sry-type HMG box) [6] [7] [8] [9] [10] [11] [12] . These gene families are also involved in orchestrating the development of diverse organ systems and show conservation across phyla [13] .
Members from the homeobox gene superfamily seem remarkably underrepresented in the process of mammalian gonadogenesis, with the exception of gametogenesis [14] . Both male and female germ cells express numerous homeobox genes, and knockout mice models have shown the requirement of a subset of these during gametogenesis. Examples of this include loss of germ cells in Lhx8 À/À (LIM homeobox 8) ovaries [15] and impeded postnatal follicle development in Nobox À/À (NOBOX oogenesis homeobox) mice [16] . A recently discovered homeobox gene family, Rhox (reproductive homeobox genes on the X chromosome), originally reported to consist of 12 members in the mouse, showed sex-specific expression in adult reproductive tissues [17] . Further analyses of the Rhox cluster revealed an expansion of a subset of Rhox genes (Rhox2, 3, and 4) in the mouse genome, such that 31 functional Rhox genes have now been identified [18, 19] .
In the current analysis we have investigated the expression of 12 original members of the Rhox family (Rhox1-12), with Rhox2 and Rhox4 now known as Rhox2a and Rhox4a, respectively.
In adult mice, of the 12 Rhox genes originally identified, nine were found to be exclusively expressed in reproductive tissues and placenta, whereas Rhox4a, 7, and 8 transcripts were also detected in thymus, stomach, and intestine, respectively. Interestingly, some Rhox genes show sex-specific expression in the adult gonads, and higher expression of Rhox3, 8, and 11 was detected in testes compared to ovaries [17] . The initial findings of Pitman et al. [20] suggested normal reproductive function in Rhox5 À/À (Rhox5 tm1Clm ) mice. However, MacLean et al. [17] showed that male Rhox5 À/À mice are hypofertile with a lower number of round and elongated spermatids due to an increase in apoptosis of meiotic germ cells.
Despite the intriguing tissue-specific expression of Rhox genes in the adult, there has been no systematic expression analysis of the Rhox genes in the embryonic gonads. Rhox5, previously identified as Pem, was found to be expressed in embryonic primordial germ cells [19] . Also, two members, Rhox6 and Rhox9 (previously Psx1 and Psx2, respectively), have been shown to be up-regulated in the germ cells of the embryonic ovary at the onset of sexual dimorphism [21] . Rhox8 (previously known as Tox), identified by Kang et al. [22] , is expressed in adult reproductive tissues; however, no expression was detected in the embryo. The expression of the other members of the Rhox gene family remains largely uncharacterized in embryonic gonads. Therefore, we sought to comprehensively analyze both the temporal and spatial expression of the Rhox genes in mouse embryonic gonads. We used whole-mount in situ hybridization (WISH) and quantitative real-time RT-PCR (qRTPCR) to show that the majority of the Rhox members are expressed in a sexually dimorphic manner in the germ line from an early stage, and that a single member, Rhox8, is expressed exclusively within the somatic compartment of the developing gonad.
MATERIALS AND METHODS

Animals
Embryos were generated from outbred Swiss (CD1) or CD1 3 C57BL/6 matings. Cell sorting experiments were conducted on embryos derived from OG2 (Oct4-GFP; octamer-binding transcription factor 4, also known as Pou domain containing 5 f1; official symbol Pou5f1) transgenic male (pure C57BL/ 6) 3 CD1 female matings. All CD1 mice were supplied by the Walter and Eliza Hall Institute Animal Service, while OG2 mice were supplied from a colony at the Murdoch Children's Research Institute. For timed matings, the day of observed mating plug was designated 0.5 dpc. All animal procedures were carried out in accordance with the guidelines stipulated by the Murdoch Children's Research Institute Animal Ethics Committee.
Whole-Mount In Situ Hybridization
Embryos were collected at appropriate embryonic stages and dissected by removing the head and viscera overlying the urogenital system. Embryos were sexed either by morphological assessment or by PCR [23] . WISH experiments were carried out on paraformaldehyde-fixed embryos as previously described [24] .
All WISH probes were PCR amplified and cloned from pooled 12.5-dpc gonadal cDNA. Primer sequences used for PCR amplification are included in Supplemental Table 1 (available online at www.biolreprod.org). Due to sequence homology higher than 98%, specific probes could not be designed for Rhox4a/ Rhox7 and Rhox6/Rhox9, hence reported ISH signals for these gene pairs represent the mRNA expression of either or both genes. PCR-amplified fragments for each Rhox gene were cloned into pGEM T-Easy (Promega), and the identity of each clone was confirmed by sequencing. Appropriate clones were then used as templates in DIG-labeled RNA probe synthesis, which was performed using DIG labeling mix (Roche) according to the manufacturer's instructions.
Quantitative Real-Time RT-PCR RNA isolation, cDNA synthesis, and qRTPCR were performed as previously described [5] . Briefly, mouse embryonic gonads were obtained from C57BL/6 OG2 (Oct4-GFP) 3 CD1 timed matings [25] . Six to eighteen pairs of embryonic gonads were cleanly dissected from the neighboring mesonephroi, pooled according to sex and developmental stage, and dissociated using trypsin. Fluorescence-activated cell sorting (FACS) was used to isolate GFP-positive and -negative cells, and RNA was isolated using the RNeasy Micro Purification Kit (Qiagen) following the manufacturer's instructions. RNA was amplified using the MessageAmp II Antisense RNA (aRNA) Amplification Kit (Ambion). One hundred ng of aRNA was reverse transcribed using random hexamers and Superscript III (Invitrogen) following the manufacturer's instructions. Quantitative RTPCR was performed using the mouse Universal Probe Library system and Faststart Taqman Probe Master Mix with ROX reference dye (Roche). Amplification was performed using an ABI 7900 HT real-time PCR instrument (Applied Biosystems). Previously, we used GeNorm software to identify genes that exhibit constant expression in the germ and somatic compartments for 12.5-to 15.5-dpc male and female gonads [26] . GeNorm is a computational program that determines the gene-stability measure (M) as the average pairwise variation of one reference gene compared to all other reference genes analyzed. GeNorm ranks the reference genes accordingly, and uses a stepwise exclusion process to eliminate genes that are not stably expressed. Following this analysis, Sdha (succinate dehydrogenase complex, subunit A, flavoprotein) and Atp5b (ATP synthase, Hþ transporting mitochondrial complex, beta subunit) were selected as stable ''housekeeping'' genes suitable for the direct comparison of levels of expression between male and female germ and somatic cells. Quantitative RTPCR experiments were performed in triplicate and repeated once, with runs conducted over 40 cycles of 958C for 15 sec and 608C for 1 min in a two-step thermal cycle, preceded by an initial 10-min step at 958C to activate Faststart polymerase. Probe efficiencies were tested by performing standard curve analyses. Quantitative RTPCR primers used in this study are listed in Supplemental Table 2 (available online at www.biolreprod.org).
For qRTPCR experiments conducted on embryonic and adult whole gonads, embryonic gonads were dissected and pooled according to sex and developmental stages (one litter per pool). For adult samples, single gonads were dissected from three mice of both sexes. Total RNA extraction, cDNA synthesis, and qRTPCR protocols were essentially as previously described [27] . Rhoxspecific qRTPCR primers were as previously used by MacLean et al. [17] .
RESULTS
Rhox Genes Are Expressed in Embryonic Gonads of Both Sexes During the Time of Sexual Differentiation
Fragments of nine Rhox genes (Rhox1, 2a, 4a/7, 5, 6/9, 8, and 10) were successfully amplified from 12.5-dpc pooled gonadal cDNA. These were cloned and gene-specific riboprobes were generated for WISH. WISH analyses for the expressed Rhox genes were carried out on gonads of both sexes from 11.5-15.5 dpc. Rhox5 showed strong gonadal expression in both sexes from 11.5 dpc through to 14.5 dpc, after which the expression was undetectable in both testis and ovary ( Fig. 1, a-j) . Our Rhox6/9-specific riboprobe characterized an expression pattern similar to that previously reported [28] : down-regulation from 12.5 dpc in the embryonic testes and ovaries (Fig. 1, k-t) . Expression appeared stronger and persisted for longer in females (Fig. 1 , p-r) compared to males (Fig. 1, k-m) . In females, both Rhox5 and Rhox6/9 exhibited down-regulation that appeared to proceed in an anterior to posterior wave (noticeable as a lack of staining at the anterior pole at 13.5 dpc in Fig. 1, h, i, and r) . Rhox1, Rhox2a, Rhox4a/
FIG. 1. Temporal expression profile of
Rhox genes in embryonic gonads. In situ hybridization series showing mRNA expression of Rhox5 (a-j) and Rhox6/9 (k-t) in 11.5-to 15.5-dpc XX and XY mouse gonads. g, Gonad; m, mesonephros; a, anterior; p, posterior. Bar ¼ 500 lm.
Rhox GENES IN EMBRYONIC GONADS 7, Rhox8, and Rhox10 exhibited weak staining in the gonads of 11.5-to 15.5-dpc embryos (not shown).
Rhox Gene Expression Is Sexually Dimorphic and Predominantly Localized to the Germ Line During Embryonic Development
Although Rhox1, Rhox2a, Rhox4a/7, Rhox8, and Rhox10 were poorly detected by WISH in embryonic gonads, expression was detected and gene products were cloned using RT-PCR to generate riboprobe templates. This indicated that although mRNA abundance of some Rhox genes may be low in developing embryonic gonads, their expression could still be detected by RTPCR. We therefore examined Rhox gene expression in developing embryonic gonads in more detail using qRTPCR. To determine the expression profile of the various Rhox genes in gonadal germ cells compared with somatic cells, we dissected gonads from 12.5-to 15.5-dpc
FIG. 3. Transcriptional analysis of
Rhox genes in embryonic germ and somatic cells. Quantitative RTPCR analysis of relative expression levels of nine Rhox genes in purified somatic and germ cells from 12.5-to 15.5-dpc testes and ovaries, showing germ cell-specific up-regulation of Rhox1, 2a, 4a, and 7 in both sexes and down-regulation of Rhox5; germ cell-and ovary-specific down-regulation of Rhox6 and 9; germ cell-and testis-specific up-regulation of Rhox10; and specific up-regulation of Rhox8 in both sexes in the somatic compartment of the gonad. In this experiment, qRTPCR enables quantification for individual Rhox genes across specific time points but not comparison of expression levels between different Rhox genes. The samples were normalized against two housekeeper genes, Sdha and Atp5b, with the highest expression level for each gene set to 1. Data represent mean 6 SD of one experiment, each performed in triplicate.
developing gonads. Purity of the sorted cell fractions was assessed using qRTPCR to analyse expression of the germ cell-specific markers Ddx4 (Mvh) and endogenous Pou5f1 (Oct4; i.e., independent of the Oct4GFP transgene), and the somatic cellspecific markers Amh and Sox9. Expression levels were normalised against Mapk1 and Mapk7, with the lowest expression level for each gene set to 1.
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Oct4-GFP transgenic embryos and used FACS to isolate pure populations of GFP-positive germ cells and GFP-negative somatic cells. We then performed qRTPCR on the isolated cell populations, allowing us to analyze the temporal and sex-specific aspects of Rhox gene expression in different cell populations of the developing testis and ovary. To test the purity of the isolated cell populations, FACS analysis and qRTPCR were used. FACS showed that the germ cell fraction contained greater than 99% Oct4-GFP-expressing cells, whereas the somatic fraction contained greater than 99% Oct4-GFP-negative cells. To support this analysis, qRTPCR was used to assess the expression of Sox9 and Amh (anti-Mullerian hormone, also known as Mullerian inhibitory substance [MIS]; exclusive somatic cell markers) as well as endogenous Pou5f1 and Ddx4 (also known as Mvh [Mouse vasa homologue]; exclusive germ cell markers) in the GFP-negative (somatic cell) and GFP-positive (germ cell) fractions. Sox9 and Amh expression was exclusively detected in the somatic cells, whereas endogenous Pou5f1 (Oct4) and Ddx4 (Mvh) expression was detected only in the germ cells (Fig. 2) . Combined, the FACS and qRTPCR data confirm that the sorted cell populations are of very high purity.
Of nine Rhox genes for which expression was detected in embryonic gonads, eight were exclusively expressed in the germ line, whereas Rhox8 was expressed exclusively in the somatic compartment of both testis and ovary (Fig. 3) . Based on the qRTPCR Ct values (which are roughly indicative of relative abundance comparison between different genes; higher values indicate lower expression; Fig. 4) , levels of Rhox2a, 5, 6, and 9 transcripts were relatively abundant and Rhox4a and Rhox10 transcripts were moderately abundant, but Rhox1, 7, and 8 transcripts were present at relatively low abundance. These expression patterns were generally supported by the WISH analysis of these genes, as Rhox5, 6, and 9 were readily detected ( Fig. 1) , but Rhox genes of lower abundance were not (Rhox1, 4, 10, 7, and 8). However, one exception was Rhox2a, which did not fit this profile. Despite its apparent abundance as assessed by qRTPCR (low Ct values in male and female germ cell samples), Rhox2a staining appeared to be weak at all stages when analyzed by WISH (not shown). The reason for this discrepancy is not clear.
Although the WISH analysis and qRTPCR Ct values indicated that expression of some Rhox genes was low in embryonic gonads, all exhibited developmental regulation in the embryonic germ or somatic cells. In some cases the observed expression changes were very pronounced. For example, Rhox10 was detected at minimal levels in male somatic cells and in female somatic and germ cells, but expression was up-regulated greater than 50-fold between 12.5 dpc and 15.5 dpc in male germ cells compared to somatic cells or female germ cells. In order to interpret these data, we have assumed that the lowest transcript abundance detected in the embryonic tissues analysed represents basal expression levels and that substantial up-regulation from this basal level represents functional expression for that gene in the tissue analyzed.
Taking this into account, expression of Rhox1, 2a, 4a, 5, and 7 was detected in both male and female germ cells (Fig. 3) . Rhox1 showed consistent levels of expression in 12.5-to 15.5-dpc male germ cells, but expression increased approximately fivefold in developing female germ cells between 12.5 dpc and 15.5 dpc. Rhox2a levels remained relatively high (compared with male) in female germ cells between 12.5 and 15.5 dpc but decreased approximately fourfold in male germ cells during this time. In 12.5-dpc male germ cells, Rhox4a was detected at half the 12.5-dpc female expression level. Rhox4a expression increased in male germ cells between 12.5 dpc and 15.5 dpc but decreased fivefold in female germ cells over the same time period. Rhox5 was expressed at higher levels in female germ cells than in male germ cells at 12.5 and 13.5 dpc, but expression decreased in both male and female germ cells between 13.5 dpc and 15.5 dpc. Rhox6 and Rhox9 exhibited a striking female-specific expression pattern that was approximately 10-fold higher in females than males at 12.5 dpc but then decreased more than 10-fold in both male and female germ cells between 12.5 dpc and 15.5 dpc. Rhox7 expression was similar in males and females at 12.5 dpc. However, at 13.5 dpc its expression increased fivefold specifically in female germ cells and remained high until 15.5 dpc. Unlike other Rhox genes examined, Rhox8 expression was limited to the somatic compartment of the gonadal cells and could be detected in both male and female somatic cells from 12.5-15.5 dpc. In males, Rhox8 expression levels peaked at 12.5 dpc and remained relatively high, whereas in females expression peaked at 13.5 dpc and had decreased by 15.5 dpc. Finally, Rhox10 was the only Rhox gene showing male-specific expression in germ cells, with a striking increase (approximately 50-fold) in mRNA levels between 12.5 dpc and 15.5 dpc. 
Rhox Genes Are Generally Expressed at Higher Levels in Embryonic Gonads Than Adult Gonads
In order to gauge the likely significance of expression in embryonic gonads, the relative peak expression levels of Rhox genes in embryonic and adult gonads were assessed by qRTPCR on whole male and female 11.5-to 15.5-dpc gonads and adult gonadal tissue. This analysis provides good confidence that the expression levels we observed in the embryonic gonads were significant. Nevertheless, it should be noted that this experiment was performed on tissues containing diverse and changing cell populations, and it is clear that Rhox gene expression occurs in different cells in embryonic gonads than in adults (generally germ line versus somatic, respectively). Peak expression in embryonic gonads detected between 11.5-15.5 dpc was compared with expression levels in adult testis and ovary (Fig. 5) . This analysis showed that Rhox1, 2a, 5, 6, 7, and 9 were predominantly expressed in embryonic ovaries, although some expression was detected in embryonic and adult testis. Rhox3, 8, and 11 were exclusively (Rhox3) or predominantly (Rhox8 and Rhox11) expressed in adult testis. Rhox4a showed similar levels of expression in both embryonic ovary and testis, but little or no expression in adult testis and ovary. Rhox8 transcripts were most abundant in adult testis, with relatively low abundance in embryonic gonads and adult ovary. Rhox10 expression was male-specific in embryonic and adult gonads, with relatively high levels detected in the embryonic testis and lower levels in the adult testis. Rhox12 expression was not detected in any of the tissues examined.
DISCUSSION
In the present study, we analyzed the embryonic expression profile of the X-linked Rhox gene cluster and showed that several members of this homeobox gene family are expressed in mouse embryonic gonads. With the exception of Rhox8, which is expressed within the somatic compartment, all remaining Rhox genes exhibited germ cell-specific expression in the embryonic testis and ovary. Interestingly, when analysed in whole gonads, in many cases Rhox gene expression in embryonic mouse gonads appears to be higher than that observed in adult testis or ovary [17] . Furthermore, in embryonic gonads Rhox expression showed dynamic and sexually dimorphic patterns, with a tendency for higher expression in female germ cells. Rhox10 was the single member showing exclusive expression in male embryonic germ cells. This latter observation is intriguing and might indicate a defined role in the dynamic regulation of embryonic male germ cells as they enter mitotic arrest between 12.5-14.5 dpc [5] . Combined, these observations support the hypothesis that the Rhox gene family plays an important developmental role in embryonic gonads and that the functional input of RHOX transcription factors differs between embryonic and adult gonads, since Rhox gene expression occurs predominantly in germ cells of embryos but in Sertoli cells of adult testes [17] . It therefore seems likely that if RHOX proteins regulate adult germ cell function, this role may be reliant on somaticgerm cell signaling. Indeed, evidence of such an interaction is provided by the Rhox5 À/À mice, in which germ cells show abnormally high levels of apoptosis [17] .
As Rhox genes are clustered together on the X-chromosome and are expressed in the Sertoli cells of the adult testis, it has been proposed that their expression might be co-regulated. Furthermore, MacLean et al. [17] have shown that Rhox genes are divided into three subclusters (alpha, including Rhox1, 2a, 3, and 4a; beta, including Rhox 5, 6, 7, 8, and 9; and gamma, including Rhox10, 11, and 12) and that genes within a subcluster tend to be expressed in a similar manner. Although some members of the Rhox cluster show similar expression profiles in embryonic germ cells, the distinct expression profiles exhibited particularly by Rhox10 and Rhox8 indicate that Rhox gene expression is not necessarily co-regulated in embryonic gonads. This indicates that rather than being coregulated, separate regulatory mechanisms control expression of these genes. In this context, given the male-specific upregulation of Rhox10 within the germ line and the exclusive somatic cell expression of Rhox8 in the embryonic gonad, it Quantitative RTPCR analysis of total RNA extracted from whole embryonic and adult testes (blue) and ovaries (red) relative to 18S RNA (mean 6 SEM of three independent experiments performed in triplicate). Maximum mRNA expression of individual Rhox genes in any tissue was assigned an arbitrary value of 10. The expression of corresponding Rhox genes in comparative tissues is represented relative to maximum expression. Embryonic gonads were analysed at five developmental stages (11.5-15.5 dpc). Rhox12 was not detected at appreciable levels in any tissue examined.
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would be interesting to individually delete these two genes, as they are less likely to be subject to functional compensation.
However, based on the recent expansion of the Rhox cluster and the high homology between various members of the family, it is likely that there is significant functional redundancy between many members of the RHOX family. This is reflected by targeted deletion of Rhox5, which resulted in hypofertile mice. These mice exhibited increased germ cell apoptosis in adults; however, at the embryonic level, the germ cells were not affected. This phenotype suggests possible redundancy between Rhox5 and other Rhox family members, at least at the embryonic level. Another example is provided by the targeted deletion of Rhox6 and Rhox9, both of which resulted in apparently phenotypically normal mice [28] . This lack of phenotype is likely to be explained by the strikingly high sequence homology and expression pattern exhibited between these two Rhox genes, which probably allows them to functionally compensate for each other when deleted. Therefore, single knockout approaches will, in many instances, probably not result in abnormal phenotypes. Rather, compound knockout strategies might be necessary to unravel the functionality of the RHOX transcription factors with high sequence homology.
Rhox8 (Tox) has been reported to be expressed in adult testis and ovary, with expression initiating shortly after birth in both somatic and germ cells, but with increasing germ cell-specific expression towards adulthood [22] . These authors also reported a failure to detect Rhox8 expression in embryonic gonads by RT-PCR. In contrast, our results show the presence of Rhox8 mRNA in the somatic cells of both male and female gonads from 12.5 dpc onwards, detected by qRTPCR. However, Rhox8 seems to be expressed more robustly in postnatal gonads and therefore may be more functionally relevant during postnatal gametogenesis than during embryonic development.
We also note that our qRTPCR assays revealed similar expression patterns for Rhox6 and Rhox9 as those reported by Takasaki et al. [21] . Utilizing RNase protection assays, they showed that Rhox6 and Rhox9 expression peaked at 12.5 dpc in female gonads, with comparatively low mRNA levels in male gonads. We have shown a similar pattern using qRTPCR. At 12.5 dpc, Rhox6 and Rhox9 exhibited significantly higher mRNA levels in females than males (approximately 10-fold difference). Rhox6 and Rhox9 were then strongly downregulated to negligible levels in males by 13.5 dpc. In females, the levels steadily decreased from 12.5 dpc to less than 10% of peak expression levels by 15.5 dpc. Interestingly, downregulation of Rhox6 and/or Rhox9 in females appeared to proceed in an anterior to posterior wave, as did the downregulation of Rhox5 (Fig. 1, h, i, and r) . Similar anterior to posterior waves have been observed for the down-regulation of several germ cell-specific genes and for the up-regulation of the meiotic marker Sycp3 and Stra8 [3, 29, 30] . This strongly indicates that expression of these closely related (and likely redundant) Rhox genes coincides with germ cell entry into meiotic prophase, suggesting that they are involved in this process.
In adults, Rhox gene expression within the Sertoli cells is reportedly androgen dependent, and it has been speculated that Rhox genes may regulate secondary androgen-responsive genes required for spermatogenesis [17, 31] . However, our studies show that Rhox genes (with the exception of Rhox8) are expressed within germ cells during embryonic development, and the presence of androgen receptor (AR) within this cell lineage is subject to controversy. Despite this, recent findings suggest that AR is required for appropriate mitotic arrest of embryonic male germ cells [32] . Therefore, it remains possible that future studies may delineate some regulatory mechanisms upstream of Rhox gene expression that are mediated through androgen signaling in the embryonic testis.
In summary, we have shown that eight members of the Rhox homeobox gene family (Rhox1, 2a, 4a, 5, 6, 7, 9, and 10) are expressed in the germ cells of embryonic gonads in a temporally regulated and sex-specific manner. Rhox8 is unique in that it is expressed within the somatic cells of both the embryonic testis and ovary. By contrast, Rhox3, Rhox11, and Rhox12 are not expressed in either testis or ovary between 11.5 and 15.5 dpc. Our findings strongly suggest that Rhox genes perform distinct roles in the regulation of the germ cell fate of both sexes during embryonic development. These roles are likely to be different from their function(s) during postnatal gametogenesis, as the latter apparently involves endocrine signaling from the somatic compartment to the germ line.
